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SPLIT MOTION IN APPARENT MOVEMENT 
By 
TADASHI HI RAT A (SJZEE ,tg)1 
(Tohoku Univer8ity) 
The factor of stimulus arrangement in apparent movement, especially in split 
motion situation, was investigated. 
In experiment 1, it was found that the apparent movement was, if other condi-
tions Were equal, favoured when only one 2nd figure was presented than when two 2nd 
figures were given on both the sides of the 1st one. In experiment 2, it was shown 
that when an angle subtended by two 2nd figures around the 1st one was more acute 
the apparent movement was apt to be perceived more frequently. With regard to 
above phenomena, an explanation in terms of the activity level of movement 
detecting neurons was suggested. 
In experiment 2 it was also found that when one of two 2nd figure was presented 
on the left side of the 1st one and the other below, no split motion was perceived. 
Instead a sole downward motion between the 1st figure and the 2nd one below was 
observed. 
INTRODUCTION 
If, in apparent movement, two 2nd figures are presented on both the sides of the 
1st one under an appropriate temporal condition, then the 1st figure appears to split 
into two pieces and to move in opposite directions simultaneously. This phenomenon is 
referred to as "split motion". With regard to split motion, Kolers (1972) reported that 
when two 2nd figures had the same form and an appropriate temporal condition was 
given, the split motion was perceived irrespective of the coincidence of form between 
1st and 2nd figure, but that when they had the different forms, one of which was the 
same as that of the 1st figure, not split motion but a movement impression only be-
tween 1st figure and 2nd one whose form was the same as that of the 1st figure was 
obtained under the same temporal condition. He referred to it as "figural selection". 
In the previous experiment, however, we have found that the figural selection is seldom 
observed. Instead, we have found that, if other conditions are equal, the apparent 
movement is less favoured when two 2nd figures are presented on both the sides of the 
1st one than when only one 2nd figure is presented, without respect to the form of 
the stimulus figure (Hirata, 1979). This paper is concerned with the factor of stimulus 
arrangement in split motion situation. 
1. Depart ment of Psychology, Faculty of Arts and Letters, Tohoku University, Kawauchi, 
Sendai, Japan 980. 
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EXPERIMENT 1 
In the previous experiment we have found that with the method of rating upon 
movement impression (Kahneman, 1967), higher rating is obtained when only one 2nd 
figure is presented than when two 2nd ones are presented on both the sides of the 1st one. 
In experiment 1 the frequency of perception of apparent movement was used as a 
measure to ascertain the result of the previous experiment and to reexamine the figural 
selection. 
METHOD 
Apparatus: A three-channel Maxwellian view system was used to present the 
stimuli and a fixation point, namely three channels for the 1st stimulus, the 2nd 
stimulus, and a fixation point, respectively. The stimulus figures were drawn on the 
white paper with the black ink and were photographed. And the stimulus patterns were 
made of a negative films of the photographs. The fixation point pattern was also made 
in the same way. The light sources were glow modulator tubes (SYLVANIA, R-1l31O). 
The electric stimulator (NIRON KORDEN, SEN-6100) was used to control the time 
course of the stimuli. The brightness of the stimulus was controlled by the optical 
wedges. 
Stimulus: The stimulus patterns are shown in Fig. 1. The stimulus figure was a 
solid rectangle 1.4° high and 0.5° wide2 and it appeared as a white pattern against the 
black background. There were three stimulus arrangement conditions. In the first 
condition two 2nd figures which were rotated 90° around their centers were presented 
on both the sides of the 1st one (same-form condition). The second condition was the 
same as the first one except that the 2nd figure on the right was not rotated (different-
form condition). And in the third condition only one 2nd figure which was rotated 90° 
around its center was presented on the left side of the 1st one (control condition). The 
distance between centers of the 1st and the 2nd figure was 2°, which was constant. The 
duration of the stimulus was lOO msec, and the SOA (Stimulus onset asynchrony) between 
the 1st and the 2nd stimulus was 50, 80, 100, 120, 150, 200, 300 msec. The brightness 
of the stimulus was about 9.6 nit. Above the 1st figure was always presented a red 
fixation point of 0.2° in diameter. The center of the fixation point was 2° apart from 
that of the 1st figure. 
Procedure: The experiment was carried out in a dark room. Before the 
experiment the subject was dark-adapted for 10 minutes. In the dark-adaptation 
period the subject was instructed (1) to judge whether there had been any movement 
impression between the 1st figure and the 2nd one on the left, disregarding the quality 
of the movement impression, (2) to keep his eye fixed at the fixation point throughout 
each trial, (3) and not to pay selective attention to the specific parts of the visual field. 
In each trial the 1st and the 2nd figure were presented only once and the subject 
2. In this paper the spatial separation is represented in visual angle. 
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Fig. 1. The stimulus patterns used in expo 1. (The rectangles below the fixation point are the 1st 
stimuli, and the others are the 2nd stimuli.) 
observed them with his right eye and reported the presence or absence of any movement 
impression between the 1st figure and 2nd one on the left. The experiment proceeded 
block by block, each block containing twenty-one (3 stimulus arrangements X 1 SOAs) 
trials. In a block both of the orders of presentation of stimulus arrangement conditions 
and SOA conditions were random. For each subject four experimental sessions were 
performed, a session consisting of six blocks. In each session the first block out of six 
was conceived as practice, and the result obtained in the rest of five blocks was treated 
as data. From twenty data (4 sessions X 5 repetitions) the percentage of perception of 
apparent movement was obtained for each experimental condition in each subject. 
Subjeots: Three men participated in this experiment as subject, all having the 
experience as subject in apparent movement experiment before. 
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RESULTS 
The percentage of perception of apparent movement for each experimental condi-
tion in each subject is shown in Fig. 2. As a whole the apparent movement was more 
frequently perceived in C- (control) condition than in S- (same-form), D-(different-form) 
condition and there seems to be no obvious difference in the percentage of apparent 
movement between S- and D-conditions, although in subject YY there was little difference 
in the percentage among three stimulus arrangement conditions at long SOA conditions. 
These tendencies were evident at short and medium SOA conditions. 
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Fig. 2. The percentage of perception of apparent movement for each experimental condition in 
three Ss. 
The three-way analysis of variance (stimulus arrangement X SOA X subject) was 
performed upon the data obtained. Both of the main effects of stimulus arrangement 
and SOA were significant (F(2,4)=79.13, p<O.Ol; F(6,12)=51.69, p<O.Ol, respectively). 
And the interaction between stimulus arrangement and SOA was also significant 
(F(12, 24)=2.91, p<O.05). Further analysis was performed upon the difference in the 
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percentage of apparent movement among three stimulus arrangment conditions with 
Newman-Keuls method. The significant differences between O-condition and S-, D-
condition were found (p<O.Ol; p<O.Ol, respectively), but the difference between S- and 
D-conditions was not significant (p>O.05). 
These results show that the apparent movement, if other conditions are equal, is 
favoured when only one 2nd figure is presented than when two 2nd figures are presented 
on both the sides of the 1st one, irrespective of the correspondence of the form between 
the 1st and 2nd figures. 
And it was reported from all subjects that perceived movement was only split 
motion and that the movement only between the 1st figure and one of two 2nd ones was 
never seen. 
DISCUSSION 
According to Kolers' report it was expected that in D-condition of this experiment, 
where two 2nd figures were presented on both the sides of the 1st one and one of those 
on the left had the same form as the 1st one and the other on the right had not, only 
leftward motion from the 1st figure to the 2nd one on the left would be perceived, but not 
the split motion. But the introspection of the subjects indicated that such a sole left-
ward motion had never been seen and that all of the perceived movements had been 
split motion, whether they had been optimal or not. That is, the figural selection 
reported by Kolers was not observed in this experiment. What brought about the 
discrepancy between Kolers' report and the result of this experiment 1 If we compare 
the stimulus variables, there seems to be little difference in the main variables such as 
temporal and spatial separation between the 1st and the 2nd stimulus, duration of the 
stimulus, form and dimensions of the stimulus figure, and so on between Koler's report 
and this experiment. Therefore discrepancy between two results cannot be accounted 
for by the difference in stimulus variables. On the other hand, the difference in the 
observation (intra-subject) conditions like fixation, attention, attitude, etc. may be 
thought to make two results inconsistent. But this possibility lies only within inference, 
as Kolers has not described the observation conditions in detail. 
In this experiment it was shown that the apparent movement was favoured when 
only one 2nd figure was presented than when two 2nd figures were presented on both 
the sides of the 1st one. This phenomenon may be explained in terms of the activity 
level of movement detecting neurons. 
In neurophysiology MD- (movement detecting) neurons which respond not only to 
moving stimulus but also to static one (that is, to successive stimulation at different 
parts within receptive field) have been found (Grusser-Oornehls et al., 1963; Grusser-
Cornehls, 1968). And the involvement of such a responsive-to-static-stimulus MD-
neuron in the perception of apparent movement is suggested (Grusser and Grusser-
Oornehls, 1973; Frisby, 1972). Among the MD-neurons which are also responsive to static 
stimulus, there is a group of neurons that exhibit the direction selectivity. As to DS-
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(direction selective) neuron, it has been reported that the response to stimulus is maximum 
when a stimulus moves in preferred direction and it lessens as the direction of movement 
converges to null directions (Barlow and Levick, 1965). But when two stimuli moving 
in the opposite direction are given simultaneously the neuron responds only weakly 
even if one of two directions of movements corresponds to preferred direction (Michael, 
1966). In the case of apparent movement situation it is expected that when two 2nd 
stimuli are given on both the sides of the 1st one, the neuron responds only weakly even 
if the direction of one of two 2nd stimuli from the 1st one corresponds to preferred 
direction. On the other hand in the case where only one 2nd stimulus is given, thc 
intensive response will be obtained if the direction of the 2nd stimulus from the 1st one 
corresponds to preferred direction. Therefore some neurons respond more intensively 
when only one 2nd stimulus is given than when two 2nd stimuli are given on both the 
sides of the 1st one. And there seems to be a difference in the overall activity level 
of a group of neurons between two stimulus arrangement conditions. Here, if we 
suppose that the overall activity level of neurons is higher, the apparent movement is 
perceived more frequently, then the difference in the frequency of perception of 
apparent movement in different stimulus arrangement conditions seems to be explained 
in terms of the activity level of the neurons. This hypothe3is was examined in 
experiment 2. 
EXPERIMENT 2 
As described above, the response of DS-neuron is intensive when a stimulus 
moving in preferred direction is given, but it becomes weak if another stimulus moving 
in the opposite direction is presented simultaneously. This results from the can-
cellation between two effects caused by two stimuli moving in opposite directions. 
That is, the excitatory effect caused by the stimulus moving in preferred direction is 
cancelled out by the inhibitory effect caused by the stimulus moving in the opposite 
direction and the response of neuron, as a result, becomes feeble (Michael, 1966). In 
this case, if the direction of movement of stimulus moving in the opposite-to preferred-
one converges to preferred direction, then the inhibitive effect will reduce and the 
response of neuron will become more intemive. Therefore, as two directions of move-
ments of stimuli converge each other, some neurons will respond more intensively and 
the overall activity level of neurons will increase. In the case of apparent movement, 
it seems, more acute is an angle subtended by two 2nd stimuli around the 1st one, 
higher is the overall activity level of neurons. Then if we suppose any linear relation-
ship between the overall activity level of neurons and the frequency of the perception of 
apparent movement, it follows that more acute is an angle subtended by two 2nd stimuli, 
more frequently is perceived the apparent movement. In experiment 2 the relation 
between the angle subtended by two 2nd stimuli and the frequency of appearance of 
movement impression was examined. 
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METHOD 
Apparatus: The apparatus used in this experiment was the same as in expen-
ment 1. 
Stimulus: The stimulus arrangement is shown in Fig. 3. The stimulus figure 
was a disc of 0.4° in diameter, which appeared as a white pattern against the black 
background. One of two 2nd stimuli was always presented on the left side of the 1st 
one, and the other at various positions. The angle subtended by two 2nd figures around 
the 1st one was 0, 30, 60, 90, 120, 150, 180° (in 0°-angle condition two 2nd figures 
overlapped and only one 2nd figure was seen). The distance between the centers of 
the 1st and the 2nd figure was 1.4°, which was constant. The duration of the 
stimulus was 100 msec, and the SOA between the 1st and the 2nd stimulus was 100, 125, 
150, 175, 200, 250 msec. The brightness of the stimulus was about 9.6 nit. Above 
the 1st figure was always presented a red fixation point of 0.2° in diameter. The center 
of the fixation point was 1.4° apart from that of the 1st figure. 
O.4~ O~~ }4: d'; }.4 
o . 
• fixation point 
• 1st stimulus 
o 2nd stimulus 
d: 0-180 
Fig. 3. The stimulus arrangement used in expo 2. 
Procedure: The subject was asked to report whether he had seen any apparent 
movement between the 1st figure and the 2nd one on the left. The experiment proceed-
ed block by block, each block containing forty two (7 stimulus arrangements X 6 
SOAs) trials. Other procedures were the same as in experiment 1, and in the same way 
the percentage of perception of apparent movement was obtained for each experimental 
condition in each subject. 
Subjects: Two men, who had also taken part in experiment 1, participated in this 
experiment as subject. 
RESULTS 
The percentage of perception of motion for each experimental condition is individu-
ally shown in Fig. 4. 
It is seen in both subjects that the apparent movement was, as a whole, more 
frequently seen in 0°-angle condition than in other conditions. This seems to indicate 
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that the apparent movement is favoured when only one 2nd figure is presented than 
when two 2nd ones are presented, irrespective of the angle subtended by two 2nd 
figures. In two-2nd-stimuli conditions (that is, 30°,...., 180°-angle conditions) some-
what different trends were obtained in two subjects. In subject TH the apparent 
movement was more frequently perceived in acute angle conditions than in obtuse angle 
conditions, although a decreace in the percentage was seen in 90°-angle condition. On 
the other hand in subject YY, although a slight tendency which was the same as in 
subject TH was obtained, the decreace in the percentage at the medium angle condi-
tions was especially evident. 
The two-way analysis of variance (angle X SOA) was performed on the individual 
data. In both subjects the main effects of angle and SOA were significant (in TH, F(6, 
30)=12.74, p<O.Ol, F (5, 30)=8.47, p<O.Ol; in YY, F (6,30)=25.75, p<O.Ol, F (5, 
30)=5.78, p<O.Ol, for angle and SOA, respectively). 
It was reported from both subjects that although the perceived movements were 
almost split motion, a sole downward motion instead of split motion was dominant in 
medium angle conditions, where one of two 2nd figures was presented on the left side of 
the 1st one and the other below. Especially in subject YY leftward motion between the 
1st figure and the 2nd one on the left was scarcely seen in 60°,90°, 120°-angle conditions. 
DISCUSSION 
In this experiment it was expected that more acute was an subtended by two 2nd 
figures around the 1st one, higher would be the overall activity level of MD-neurons and 
more frequently would be perceived the apparent movement. The result obtained 
in this experiment seems to agree with the above prospect in that the apparent 
movement, as a whole, tended to be perceived more frequently in acute angle condi-
tions than in obtuse angle ones. This tendency was also supported by the introspection 
of the subjects. But the prospect was not perfectly agreed with by the result in that 
the apparent movement was least frequently perceived not in the most obtuse angle 
condition (that is, 180°-angle condition) but in the medium angle conditions. It was 
reported from both subjects that in the medium angle conditions, where one of two 2nd 
figures was presented on the left side of the 1st one and the other below, no split motion 
consisting of downward and leftward motions had been seen, but instead a sole down-
ward movement between the 1st figure and the 2nd one below had been perceived. This 
phenomenon shall be referred to as "directional selection" after Kolers' "figural 
selection". The directional selection was observed only in medium angle conditions. 
It seems to indicate that the direction of the 2nd figure from the 1st one itself affected 
the frequency of perception of apparent movement. That is to say, in the case of one 
2nd figure on the left, the frequency of perception of apparent monement in leftward 
direction seems to be affected by the direction of another 2nd figure from the 1st one. 
If so, the angle condition employed in this experiment is conceived to include not only 
the effect of the angle subtended by two 2nd figures around the 1st one but also that of 
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the direction of the 2nd figure from the 1st one. And the decrease in the percentage of 
apparent movement in the medium angle conditions seems to result from the effect of 
direction. 
In the result of this experiment the tendency which supports the hypothesis 
described above was obtained. But a more distmct evidence will be necessary in order 
to insist upon the explanation in terms of neurophysiological activity, and further 
experimentation excluding the effect of the direction will be required. 
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